Background
Methods
This is a population-based retrospective cohort study of the 4 209 individuals aged 22-65 years who committed suicide during 2007-2010 in Sweden. Work-related functional impairment was measured as mean annual number of months of SA/DP. We analyzed trajectories of SA/DP during five years prior to suicide (i.e., [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] ) by a group-based trajectory method. Associations between socio-demographic and medical factors with different groups of trajectories were estimated by chi 2 -test and multinomial logistic regression.
Results
Five different functional impairment trajectory groups were identified prior to suicide. One group had constant low levels of SA/DP (46%), while 30% had constant high levels of SA/DP. Two groups (16%) showed increasing number of SA/DP months. The remaining 7% showed decreasing number of SA/DP months before the suicide. Sex, age, educational level, family situation, and diagnosis-specific healthcare were significantly associated with different trajectory groups (Likelihood ratio X 2 tests <0.05). A larger proportion of higher educated and younger men with a lower proportion of previous suicide attempts were found in the group with constant low levels. Opposite characteristics were displayed in the group with constant high levels.
Introduction
according to the International Classification of Diseases (ICD) version 10 codes X60-X84 and Y10-Y34 (undetermined intent) [22, 23] . The individuals' unique personal identity number was used to link de-identified annual data from nationwide registers from Statistics Sweden and the National Board of Health and Welfare for the five years preceding the year of suicide. We used an annual time-scale where T-5 represents 5 years prior to suicide (i.e., [2002] [2003] [2004] [2005] . The time during T-5 to T-1 (i.e., [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] ) was applied to explore how trajectories of SA/DP developed over time before suicide.
Socio-demographic and medical characteristics
Socio-demographic characteristics included sex, age, educational level, type of place of residence, country of birth, and family situation and were obtained from Statistics Sweden. The variables were measured at T-5 and categorized as indicated in Table 1 .
Information on both mental and somatic diagnoses as well as suicide attempts was obtained from the National Patient Register. In-patient care was categorized according to the median length of inpatient care among those hospitalized (no inpatient care; median length; >median length). A similar approach was used for outpatient specialized health care visits (no visits; median visits; >median visits). Health care information was measured at T-5, as indicated in Table 1 . The median number of days of inpatient care due to mental and somatic disorders was 11 and 3, respectively, among those with such care. The median number of visits to outpatient specialized health care was 2 among those with such care, both for mental and somatic disorders. Inpatient care for suicide attempt was measured at T-5 by combining ICD-10 codes X60-X84 (determined intent) and Y10-Y34 (undetermined intent) and was categorized as a dichotomous variable.
Sickness absence and disability pension
During the study period, all people in Sweden above the age of 16 who had reduced work capacity due to disease or injury were eligible for sickness benefits if having an income from work or unemployment or parental benefits. Sickness benefit amounts to 80% of the lost income up to a certain level. Employers provided sick pay for the first 2 weeks of a sick-leave spell, thereafter employees received sickness benefits from the Social Insurance Agency (SIA). Unemployed individuals could be granted benefits from SIA from the second day of a sickleave spell (the first day being a qualifying day for both employed and unemployed individuals) whereas self-employed individuals received sick pay from SIA according to which insurance coverage they had chosen. DP could be granted all individuals living in Sweden whose work capacity had been reduced permanently due to disease or injury. People below the age of 30 could be granted temporary disability pension if their work capacity (including capacity to study) was reduced due to disease or injury for at least one year [24] . Information on SA and DP was obtained from Statistics Sweden. We measured work-related functional impairment by combining SA and DP days and calculated mean annual number of SA/DP net days from T-5 to T-1. Because SA and DP can be for part time, we used the number of net days, where e.g., two days of half-time sickness benefits equals one net day. We then transformed the number of net days to number of months with SA/DP.
Statistical analyses
Group-based trajectory modelling was used to estimate trajectories of SA/DP from T-5 to T-1 before suicide. This procedure is based on a mixture model that provides the capacity to identify subgroups of individuals who followed distinct trajectories during the time of observation and estimates a regression model for each discrete group [25] . First, we used the Bayesian information criterion (BIC) to test the best-fitted model related to number of groups. The BIC scores are negative values in which those closer to 0 indicate a better fit. The optimal number of groups was defined as when the BIC score did not improve any longer. Second, we estimated associations of socio-demographic and medical characteristics in each SA/DP trajectory group by chi 2 -test and multinomial logistic regression. Possible sex differences in the proportion of characteristics in relation to different socio-demographic and medical characteristics were tested by chi 2 -test. For the chi 2 -test in relation to SA/DP trajectory groups we excluded missing values (n = 36) on "education", "type of place of residence" and "family situation". For the multinomial logistic regression, individuals (n = 36) with missing values were excluded from the study population. The likelihood ratio chi 2 -tests were used to evaluate whether socio-demographic and medical factors were associated with type of trajectory in the full model and Nagelkerke R 2 were used to evaluate the strength of these associations. By consecutively excluding each factor from the full model, we calculated differences in R 2 for each factor in order to examine the contribution of a given factor to the full model. Data processing was performed using statistical software SAS for Windows version 9.4 (SAS-based procedure "Traj") and SPSS for Windows version 22.0 (chi 2 -test and multinomial logistic regression).
Ethics approval
The study population was based on linkage of several public national registers. Ethical vetting is always required when using register data in Sweden. The ethical vetting is performed by regional ethical review boards and the risk appraisal associated with the Law on Public Disclosure and Secrecy is done by data owners. The ethical review boards can however waive the requirement to consult the data subjects (or in case of minors/children the next of kin, careers or guardians) directly to obtain their informed consent, and will often do so if the research is supported by the ethical review board and the data has already been collected in some other context. Also, the institutional review board/ethics committee waived the need for written informed consent from the participants. Patient records/information was anonymized and deidentified prior to analysis by the authority, Statistics Sweden, which was responsible for data linkage. Researchers received de-identified data. According to these standards in Sweden this project has been evaluated and approved by the Regional Ethical Review Board of Karolinska Institutet, Stockholm, Sweden. 
Results
In Table 1 Among those who had had inpatient care, more women than men had inpatient mental health care (14.6% vs. 8.4%) and inpatient somatic health care (17.9% compared to 11.0% among men), respectively. Also, a higher rate of the women than men had outpatient mental health care (15.8% vs. 9.9%) and outpatient somatic health care (57.7% vs. 42.4%). Moreover, at T-5 a higher rate of the women (4.6%) than men (1.5%) had had inpatient care due to attempted suicide (Table 1) .
Trajectory analyses
In the trajectory analyses, the BIC-based procedure identified five groups of different trajectories of SA/DP months as the best fitting model (Fig 1) . We labelled the five groups as follows: "Constant Low", "Constant High", "Increasing Low", "Increasing High", and "Decreasing". A large proportion of the individuals (46.4%) belonged to the "Constant Low" group. They constantly had few months of SA/DP over the years prior to suicide. The "Constant High" group included 30.4% of the individuals. On average, they had more than 10 months of SA/DP/year annually. There were 9.2% and 6.9% of the individuals in the "Increasing Low" and the "Increasing High" groups, respectively. Both of the groups mainly had increasing SA/DP months during the time prior to suicide with different increasing patterns. The "Increasing Low" group had less SA/DP months at T-5 and increased only marginally up until T-2, when the increase was sharp. On the other hand, the "Increasing High" group started with a strong increase of SA/DP months and continued with the strong increasing until T-2. The "Decreasing" group contained 7.1% of the individuals and showed a decrease in SA/DP over time (Fig 1) . Table 2 shows distributions and associations of socio-demographic and medical characteristics in each trajectory group. All socio-demographic and medical factors were significantly associated with the trajectory groups (P<0.05) with the exception of "country of birth" and "type of place of residence". After controlling for all socio-demographic and medical factors in the full model, the significant results persisted. The full model explained approximately 34% (Nagelknerk R 2 ) of the variance between the trajectory groups. The differences in R 2 indicated that the different separate factors did not independently have strong effects in the full model, except for age (Diff. in R 2 = 0.07), which had a more important role than other factors in the full model.
In Table 2 , it is shown that younger men and individuals with higher education, who were adolescents living with their parents, as well as those who had neither mental nor somatic inpatient care nor suicide attempt were overrepresented in the "Constant Low" group. Still, 43.8% of the individuals in this group had had outpatient somatic health care with 1-2 visits. In contrast, these factors were underrepresented in "Constant High" group. Instead, this group predominantly comprised older women and individuals with lower education and those with more health care and suicide attempts.
The "Decreasing" group consisted mainly of individuals of female sex, middle age (39-49 years), with high school education, and who were living single with children. Regarding medical characteristics, around 10-15% had attempted suicide or had mental or somatic in-or outpatient care exceeding the median number of days or visits.
The two groups with increasing SA/DP months showed slightly different distributions of socio-demographic and medical characteristics. The "Increasing Low" group tended to be younger, with higher education and with less somatic and mental inpatient and mental outpatient health care than the "Increasing High" group.
Discussions
In this study of 4 209 people of working age in Sweden who committed suicide 2007-2010, we found five different groups of trajectories of work-related functional impairment, measured as previous number of sickness absence and disability pension (SA/DP) months over the five years preceding suicide. Nearly half of the suicide victims had few annual months of SA/DP while one third belonged to a group with more than 10 months yearly of SA/DP. There were also two smaller groups (16.1%) with increasing trends of SA/DP months preceding suicide, and one group with decreasing number of months (7% of the individuals). Sex, age, education, family situation, and diagnosis-specific health care were significantly associated with different trajectory groups.
Methodological considerations
To the best of our knowledge, this is the first study investigating trajectories of work-related functional impairment in terms of SA/DP prior to suicide. The population-based cohort design, including all individuals aged 22-65 years in the entire country of Sweden, offered satisfactory statistical power for the analyses of the trajectories of SA/DP months prior to suicide. Another strength is that we used data on suicide, SA/DP, socio-demographic, and medical factors from nationwide registers that are of good quality [26, 27] . Still, underreported suicide may occur. Some limitations of the study and considerations when interpreting our findings are important to mention. Information on sick-leave spells <14 days among employed individuals was not available. This means that for employed individuals the number of SA days contributing to the combined number of SA/DP days might be an underestimation. We only included suicide attempts that required inpatient care, that is, the medically most serious ones. This means that suicide attempters who had outpatient care or did not seek health care were not included. Further, there might be other socio-demographic or medical factors associated with trajectories of SA/DP than those we have studied.
Trajectories of work-related functional impairment
Our findings with regard to five different trajectories of SA/DP prior to suicide reflect the general knowledge that suicide victims comprise a heterogeneous group with regard to etiology, health care seeking behaviour, the suicidal process, and underlying diseases [28] . We found that a large proportion of the individuals either showed stable high levels (30.4%) or increasing number (16.1%) of annual SA/DP months preceding suicide. This is in contrast to much lower levels or lower proportions of high/increasing work disability in individuals prior to multiple sclerosis and first diagnosis of diabetes in recent studies based on a Swedish cohort (<23%) [29] , and a Finnish (<29%) and a French (<13%) occupational cohort [16] . High levels of SA/ DP seem to be associated with the type and severity of the underlying diagnoses of SA/DP [30, 31] . In Western countries, up to 95% of suicide victims suffered from a mental disorder [28] . Also, potential social isolation and unhealthy life styles associated with long SA/DP might have an effect on the aggravation of symptoms, which might increase the risk of suicide [7] . On the other hand, approximately half of the individuals (46.4%) had few SA/DP months before suicide. This compares to much higher proportions of individuals with low levels of work disability prior to multiple sclerosis and first diagnosis of diabetes in recent studies based on a Sweden cohort (>50%) (29) , and a Finnish (>70%) and a French (>80%) occupational cohort [16] .
Our results indicate that different SA/DP trajectories can be described by using information on socio-demographics and health care consumptions. Age showed the strongest associations in the full model. According to previous research, SA/DP rates increase with age [28, 32, 33] . It is thus, reasonable to find older individuals in the "Constant High" group with many months of SA/DP whereas higher rates of younger people were included in the "Constant Low" group with few SA/DP months at T-5.
Also, health care consumption was associated with how SA/DP developed over time prior to suicide. Long mental and somatic hospital stays and more frequent out-patient visits at T-5, as measures of type and severity of the underlying disorders, were found both in the "Constant High" and "Increasing High" group. The "Decreasing" group also had high level of health care consumptions at T-5. The decreasing SA/DP months might reflect improvement of their health conditions or inadequate treatment or rehabilitation.
On the other hand, the "Constant Low" and the "Increasing Low" groups included a larger proportion of individuals with less health care consumption at T-5. Regarding the "Increasing Low" group, the few months of SA/DP at T-5 could be interpreted by the better health condition in terms of less in-or outpatient health care. The increasing number of average months with SA/DP might reflect deterioration of somatic or mental health. One possible explanation of the lower health care consumption in the "Constant Low" group is that the group also comprised a larger proportion of young men. Young men are sometimes reported to have a higher threshold for reporting health complaints and are less help-seeking than their female counterparts [34, 35] . Young males also have less frequent previous suicide attempts than females when they commit suicide [36] . Still, 43.8% of the individuals in the "Constant Low" group had outpatient visits due to somatic health care at T-5. Individuals who had contact with somatic health care may have undiagnosed or untreated depression, which has been shown to be associated with subsequent suicide [37, 38] .
Conclusions
This study showed different previous trajectories of work-related functional impairment among individuals with subsequent suicide. While nearly half of the suicide victims had low levels of work-related functional impairment in the five preceding years, around a quarter and a third had decreasing/increasing and constantly high levels, respectively. Socio-demographic and medical factors were associated with different SA/DP trajectories.
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